STAT3/Pim-1 signaling pathway plays a crucial role in endothelial differentiation of cardiac resident Sca-1+ cells both in vitro and in vivo.
Cardiac stem cells potentially differentiate into cardiac cells, including cardiomyocytes and endothelial cells (ECs). Previously we demonstrated that STAT3 activation by IL-6 family cytokines, such as leukemia inhibitory factor (LIF), induces the endothelial differentiation of cardiac Sca-1+ cells. In this study, we addressed molecular mechanisms for EC differentiation of Sca-1+ cells. First, DNA array experiments were performed to search for the molecules induced by LIF. Among 134 genes that LIF upregulated by more than 4 fold, we focused on Pim-1 gene transcript, because Pim-1 is associated with the differentiation of some cell lineages. Real time RT-PCR analyses confirmed that LIF stimulation upregulated Pim-1 expression. Adenoviral transfection of dominant negative (dn) STAT3 inhibited LIF-mediated induction of Pim-1, while the overexpression of constitutively active STAT3 upregulated Pim-1 expression, suggesting that STAT3 activation is necessary and sufficient for Pim-1 induction. Moreover, in STAT3-deficient Sca-1+ cells, LIF failed to induce Pim-1 expression and EC differentiation. Importantly, the overexpression of dnPim-1 abrogated the induction of EC markers, indicating Pim kinase activity is indispensable for STAT3-mediated EC differentiation in vitro. Finally, Sca-1+ cells labeled with LacZ were transplanted into post-infarct myocardium and the transdifferentiation was estimated. The overexpression of wild-type STAT3 by adenovirus vector significantly promoted EC differentiation, while STAT3 gene ablation reduced the frequency of differentiating cells in post-infarct myocardium. Furthermore, transplanted Sca-1+ cells overexpressing dnPim-1 showed the reduced frequency of EC differentiation and capillary density. Collectively, Pim-1 kinase is upregulated by STAT3 activation in cardiac Sca-1+ cells and plays a pivotal role in EC differentiation both in vitro and in vivo.